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Abstract: W conducted a spatial analysis of potential habitat

for the jaguar (Panthera onca) in New Mexico. W used a
geographi c informati on system (A S) nodel to conbi ne data
| ayers for | andscape features influencing suitability for
jaguar habitat, and created a conposite potential habitat map.
The nodel predicted two areas with the highest probability of
being able to support jaguars in New Mexico. These areas were
the Peloncillo and Animas Mountains in far sout hwestern New
Mexi co, and the river canyon and adjacent areas of the Gla and
San Franci sco R ver drainages al ong the New Mexi co- Ari zona

border and to the east. W did not define these two areas as

“suitabl e” for breeding popul ati ons of jaguars, nor were

slightly less suitable habitats classified as “unsuitable”.

The results of this study should be conbined with simlar
efforts fromArizona and Mexico to help further evaluate the
connectivity of suitable habitats, and their ability support a

j aguar met apopul ation at the northern end of the species range.
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INTRODUCT 10N

The jaguar reaches the northern extent of its geographic
range in the southwestern United States (Bailey 1932, Col dnan
1932, Halloran 1946, Findley 1975, Seynour 1989, Rabinowitz
1999). Fossil and historic records place the jaguar anong
fauna that was regularly present in the southern United States
(Nel son and Gol dnman 1933, Findley 1975, Seynour 1989, Brown and
Lopez CGonzal ez 2000). The scarcity of jaguar specinens from
the United States since about 1910 has led to significant
debate as to whether nore recent observations indicate presence
of a breeding popul ation, or transient individuals from Mexico
(Findley 1975, Hoffneister 1986, Rabinowitz 1999, Brown and
Lopez Conzal ez 2001). Based on the distributional decline of
the jaguar and threats of take by illegal harvest and ot her
nmeans, the jaguar north of the U S. - Mexico border was |listed
as "endanger ed” under the Endangered Species Act (ESA) in 1997
(Federal Register 1997). This action reversed the renoval of
ESA protection for jaguars in the United States that resulted
froma procedural oversight when the ESA superceded the
Endanger ed Speci es Conservation Act in 1973.

During the period when the jaguar was proposed for listing
under the ESA, a multi-party, nulti-agency group wote and

signed a Menorandum of Under st andi ng i npl enenti ng t he
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Conservati on Assessnent and Strateqy for the Jaguar in Arizona

and New Mexi co (Johnson and Van Pelt 1997). Together, these

docunents conprised a conservation agreenent (CA) and call ed
for the establishnent of a jaguar conservation team (JACGCT),
jaguar scientific advisory group (JAGSAG, and jaguar habitat
subcommittee (JAGHAB). One of the tasks described within the
CA was to identify suitable habitat for jaguars in New Mexico
and Arizona. Results of this analysis are beneficial in

hel ping to focus conservation efforts on those areas with the
greatest probability of jaguar occurrence within the United
States, and to thereby direct any managenent actions in to

t hose areas where the greatest conservation benefits woul d be

expect ed.
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Figure 1. Study Area Delineation
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STUDY AREA

Ve defined the geographic extent of the study area (Figure
1) as areas within 50 mles of jaguar observations acconpani ed
by physical evidence (Cass 1) or reported as first-hand
observations froma reliable source (dass 2). W included
only those sightings that were reported with sufficient
| ocational precision to reliably plot and anal yze their
| ocations (Table 1). For exanple, the study area definition
did not consider sightings that were reported only w th general
| ocations e.g., "Oero County”. W extended the study area
boundary to include entire New Mexi co Big Gane Managenment Units
(19.30.4.8 New Mexi co Adm nistrative Code renunbered 2001) that
intersected the 50-mle buffer, to be inclusive of (as opposed
to bisecting) contiguous nountain ranges and potential prey

popul ati ons (Figure 2).

Table 1. Jaguar reports and records from New Mexico used to define the boundaries of the
study area.

Year County/Mountain Range Observed By Reported In

1900 Sierra/Black Range N. Straw Barber (1902)

1903 Hidalgo/Peloncillo Mtns. W. P. Burchfield Bailey (1932)

1905 Catron/Datil Mtns. N. Hollister Bailey (1932)

1937 Sierra/San Andres Mtns. Bannerman Halloran (1946)

1990 Sierra/Black Range G. Z. Jacobi Jacobi memo (1990)
1995 Hidalgo/Peloncillo Mtns. B. L. Starret Holycross memo (1997)

1996 Hidalgo/Peloncillo Mtns. W. Glenn Glenn (1996)
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METHODS
Selection of Variables

Due to the small nunber of docunmented jaguar |ocations, we
did not attenpt to determ ne patterns of habitat use for
jaguars in New Mexico. W identified positive and negative
potential habitat features for jaguars based on literature
sources and eval uations fromthe JAGHAB and JAGSAG W plotted
reported jaguar observations for conparison purposes, but did
not conduct any spatial anal yses of these points, other than to
delineate the study area. W incorporated potential habitat
variables in New Mexico that were identified by the JAGSAG
(MIler et al. 2000) and in the anal ysis of potential jaguar
habitat in Arizona (Hatten et al. 2002). These variabl es were
human density, vegetation comunity, distance to water, prey
abundance, and terrain ruggedness. W obtai ned spatial New
Mexico data | ayers for these variables and overlaid them using
a @S (ArcView Spatial Anal yst/Mdel Builder 2.0a, ESR,
Redl ands, CA). W used an arithnetic overlay to create a
conposite map identifying relative habitat suitability for
jaguars, and wei ghted positive habitat indicators equally anong
the variables. W then classified the grid cells on the
conposite map into categories of relative suitability rangi ng

fromlowest habitat potential to highest habitat potential
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based upon visually-identified discontinuities (breaks) in the
distribution of the data. However, because the nunber of
verified, historical |ocations was too small to determ ne
habitat requirenments, we did not attenpt to establish a
threshold for suitable vs. unsuitable potential habitat, nor to
det erm ne whet her or not any specific area could sustain a
resi dent popul ati on of jaguars.
Human Density

The Arizona potential habitat characterization renoved
areas > 1 house/ 10 acres, and areas of contiguous row crop
agriculture > 1 m.? (Hatten et al. 2002). The |ack of
equi val ent data sets for New Mexi co necessitated the use of
alternative indices to human presence as they would apply to
the suitability of potential jaguar habitat. W evaluated two
separate data sets to potentially represent the effects of
human density on potential jaguar habitat in New Mexico. W
obt ai ned 2000 U. S. Census Bureau data popul ati on data by census
bl ock, and U. S Census Bureau TIGER road files. The human
popul ation density provided the nore direct index to human
presence within the study area (Figure 3), but was not idea
for accurately locating the spatial extent of uninhabited
areas. For exanple, "blocks" fromSilver Gty area extended

into the designated Forest Service wilderness areas.
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Figure 3. Popul ation Density

In contrast to the human popul ati on density |ayer, the
road density coverage offered a nore indirect nmeasure of human
presence on the | andscape. However, the presence of roads
t hensel ves can influence the suitability and use of potential
habi tats, and can offer a nore spatially precise indicator of

human presence on the | andscape than census bl ocks. This data
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| ayer contained a small nunber of known errors, such as

apparent roads within areas admnistratively closed to al

notor vehicles. Roads w thin designated w | derness areas were

erased to correct these known errors in the Tl GER road dat a.

Road Density

Figure 4. Road Density

W attenpted to devel op categories of road densities
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relative to jaguar habitat suitability, based on a revi ew of
available literature. However, the published literature
regardi ng jaguar habitat use and roads is both limted and
equivocal. In Central America, Rabinow tz and Nottingham
(1986) docunented regul ar use of tinber roads (presumably

uni nproved) and trails by jaguars, and even suggested that
these roads may serve as a limted resource used for hunting
and directional travel. For carnivores in general, the inpacts
of high road density have been well|l docunented and thoroughly
reviewed (e.g., Noss et al. 1996, Carroll et al. 2001). Roads
may have direct inpacts to carnivores and carnivore habitats,

i ncludi ng roadkill, disturbance, habitat fragnmentation, changes
in prey nunbers or distribution, and providing increased access
for legal or illegal harvest. In sone cases, the relationship
bet ween use by large predators and road density has been
quantitatively analyzed (Thiel 1985, Jensen et al. 1986, Van
Dyke et al. 1986a, Fuller 1989, M adenhoff et al. 1999). For
exanpl e, a nodel of recolonizing wolves in northern Wsconsin
used a road density of 0.45 kmknt to classify favorable vs.
unfavorabl e habitat (M adenhoff et al. 1999). Qher studies
have suggested that a suggested simlar threshol ds of road
densities for nmountain lions (Van Dyke et al. 1986b) and for

brown bears in Europe (O evenger et al. 1997). Based on
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exanples fromthe published literature, we created a data | ayer
of road density per square kiloneter and classified it into the
following categories: < 0.4, 0.4-1.0, and > 1.0 km roads/ knf.
The | owest category was considered to be nost suitable, and the
hi ghest category | east suitable for potential jaguar habitat.

Vegetation Community

W eval uated biotic comunities based on classifications
described within Brown et al. (1980). The JAGSAG had
consi dered several biotic communities to be potentially
suitable for jaguars. The Arizona Upl and Sonoran Desertscrub
bi ome was a not abl e excl usion fromthe JAGSAG s assessnent of
potential habitat, despite the occurrence of a few jaguar
observations within that bionme. However, the Arizona Upl and
Sonoran Desertscrub bione did not occur within New Mexico, and
no biotic comunities were elimnated fromfurther analysis of
potentially suitable habitats.

VW did not attenpt to conduct anal yses of jaguar habit at
use vs. availability based on observations from New Mexi co,
Arizona, or anywhere else within the United States. However
we consi dered the Madrean Evergreen Wodl and biotic comunity
(Figure 3) nost simlar to habitats used by breeding
popul ations of jaguars in closest proximty to the southwestern

United States. This bione enconpasses over half of the
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docunented kills of jaguars within the United States and

Chi huahua (Brown and Lopez CGonzal ez 2001). W therefore
assigned a positive suitability value to the Madrean Evergreen
Wyodl and biotic community. W did not consider any other biotic
comunities within New Mexico to be limting to potenti al

jaguar habitat in New Mexico, and did not assign negative
suitability values to any other bionmes found within the study

ar ea.

Madrean Evergreen Forest

Jaguar Bightirgs
Intarakabes

Bhudy Area
| . : Madrean Evergreen Forest
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Fi gure 5. Madrean Evergreen Wodl and Vegetati on Conmunity

Distance to Water

W created a nodel to generate a proximty to water index
for the study area. The input data consisted of perennial and
intermttent streans fromthe USGS Nati onal Hydrographic
Dat aset and the USGS GNIS data set. W did not attenpt to
I ncor por at e ant hropogeni ¢ poi nt water sources (e.g., stock
tanks), because it is unknown to what extent riparian
vegetation (which is commonly absent fromthese ant hropogenic
wat er sources) influences the probability of their use by
j aguar s.

The proximty to water index classified the study area
into categories based on proximty to both perennial and
intermttent water sources (Figure 6). W used both the Arizona
nodel ing suitability threshold of 10 kmfor proximty to
streans or rivers (Hatten et al. 2002), plus an expanded
category of lands within 16 kmof a water source and a snaller
distance of 5 km W also weighted perennial sources over
intermttent sources, and proximty to nmultiple water sources
over proximty to a single source. A proximty to water index
was devel oped by conbining these buffered data sets in an

arithmetic overl ay.
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Figure 6. Proximty to Water Sources

Prey Availability

Jaguars have been docunented to feed upon over 85
different prey species (Seynour 1989). Gven the variety and
adaptability in the jaguar’s diet across its range, and the
potential for changes in biomass of available |arge prey with
changes in wildlife managenent, we did not attenpt to eval uate

total bionmass of potential jaguar prey as a limting factor
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The jaguar’s preferred prey has been described as terrestrial
mamal s > 1 kg (Seynour 1989, Lopez CGonzal ez and M|l er 2002).
Applying this information to the southwestern United States,
we expect jaguar prey to include, and jaguars to be synpatric
with, the collared peccary (Tayassu tajacu), white-tail ed deer
(Qdocoi |l eus virgianus), nule deer (O hemonus), elk (Cervus
el aphus), and coatinmundi (Nasua nasua). Despite the variation
in jaguar diets, several authors have postul ated that collared
peccaries and deer are the staple foods of jaguars at the far
northern end of their range (Findley 1975, Federal Regi ster
1997, Rabinowitz 1997,

Brown and Lopez Gonzal ez 2001).

W created a G S layer (Figure 7) representing the
conbi ned distribution (indicating diversity of prey species
present) of the five potential prey species |isted above, using
New Mexi co Gap Anal ysis and Rocky Muntain El k Foundati on data
| ayers. W doubl ed the weighting of the distribution for
col |l ared peccaries and white-tailed deer to reflect their
assuned inportance in the diet of jaguars within those areas of
nost recent jaguar sightings in New Mexico. 1In the overal
nodel , we assigned a val ue proportional to the wei ghted nunber

of prey species present in a grid cell.
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Figure 7. Distribution of Potential Jaguar Prey

Terrain Ruggedness

Rugged terrain has been nodel ed as being preferred by
jaguars, based on its ability to provide cover for travel,
escape, hunting, or other life-history needs (Hatten et al.
2002). W assessed terrain ruggedness with a noving w ndow
analysis of a digital elevation nodel. W conpared the
el evation of each 30-mcell to the 8 surrounding cells. The

sumdifference in el evation becane the terrain ruggedness val ue
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for each cell (Riley et al. 1999)(Figure 6). The grid was

19

classified into seven ruggedness categories based on nat ural

breaks in the data. |Increnentally higher weights were assigned

to categories as the ruggedness val ues increased. The highest

category of ruggedness (e.g., sheer cliffs) was considered to

be too rough and was wei ghted | ess.

Terrain Ruggedness Index

Figure 8. Terrain Ruggedness

RESULTS

W conbi ned five potential habitat variables (road

density, Madrean Evergreen Wodl and biotic comunity,

proximty to water, prey availability, terrain ruggedness)

into
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arelative habitat suitability nodel. W classified the
results of the conbined potential habitat grid into five
suitability categories based on natural breaks in the data
(Figure 9). Two general locations within the study area
contained relatively contiguous bl ocks of land that fell within
the two highest relative suitability classes. The two areas
were the Ani mas/ Pel oncill o Muntains of extrenme sout hwestern
New Mexi co, and the portions of the Gla/San Franci sco River
drai nages on the far west-central portion of the study area.
The nore rugged and renote portions of the Sacranento Muntains
were also identified as having high potential habitat
suitability, but were surrounded in all directions by areas of

| ower habitat potential. The two areas with the hi ghest
relative suitability are generally contiguous with the New

Mexi co- Ari zona border, and the Animas/Peloncillo area al so
abuts the United States-Mxico border. The devel oped areas
around the cities of Demng, Silver Gty, Las Cruces, and

Al anogordo were rated as |l east suitable by the nodel. The
three docunmented dass 1 or ass 2 sightings fromthe 1990s
were fromareas falling within the three highest relative
suitability categories. Al docunented Cass 1 or dass 2
sighting |l ocations occurred in areas assigned a high ruggedness

val ue, and terrain ruggedness was the single variable that
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appeared to have a high degree of correlation with | ocations of
jaguar observations. This is likely due at least in part to the
tenporally static nature of this variable. Conversely,
proximty to water appeared to have the least correlation with
observed jaguar |ocations, and the 1990s | ocations were from

the two categories of least proximty to water sources.
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DISCUSSION

This study considered only current potential habitat for
jaguars within the state of New Mexico. H storic range of
jaguars in New Mexico is defined, in part, by reports of
jaguars having been killed in New Mexico as far north as Col fax
County, and as far east as ero County (Findley 1975, Schmtt
1998). This is a nmuch broader area than was eval uated as
potential habitat within this study. However, no observations
acconpani ed by physical evidence or reported as first-hand
observations froma reliable source were docunented in New
Mexico for a period of over 50 years prior to the 1990s.
During the 1990s, observers docunented jaguar sightings,
I ncl udi ng phot ogr aphi ¢ evi dence of jaguars and jaguar tracks,
i n sout hwestern New Mexi co (A enn 1996, Brown and Lopez
Gonzal ez 2001). Although there are sufficient historical
observations of jaguars (of varying degrees of reliability)
fromother portions of New Mexico, the limted nunber of
observations fromthe past century suggests that |andscape-
| evel changes have reduced current potential habitat to
fragnented patches that closer to extant popul ati ons of jaguars
I n northern Mexi co.

The potential habitat suitability map appeared to be

gqualitatively consistent with jaguar observations in New Mexico
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over the last 50 years. Despite sone differences in specific
nmet hodol ogy used conpared to jaguar habitat suitability mappi ng
in Arizona (Hatten et al. 2002), the nost highly suitable
habitats from New Mexi co generally connected with delineated
areas of suitable habitat directly across the New Mexi co-
Arizona border. This finding provides sonme |evel of validation
for the techniques and results of each study.

The relative suitability map for potential jaguar habitat
in New Mexico identifies areas that would be nost likely to
support any jaguars that were present within those areas. It
does not predict the probability of jaguars occurring within
any specific area, nor does it predict the Iikelihood of any
area to support a self-sustaining popul ation of jaguars. The
nodel does predict those areas expected to be nost suitable for
use by jaguars, and can |lead to sonme eval uation of potentia
corridors and routes of travel for jaguars in the United
States. For exanple, Barber (1902) predicted that jaguars were
reachi ng the Mgol |l on Muuntai ns of New Mexi co by ascending the
Gla Rver fromthe west, based on observati ons made from 1897-
1902. The present degree of connectivity between potenti al
jaguar habitats in New Mexico and those in both Arizona and
Mexi co can now be quantitatively and objectively eval uated,

using results of this study and ot her jaguar habitat nodels for
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Arizona and northern Mexico. A conplete evaluation of the
prospects for | ong-term persistence of the jaguar in the United
St at es nust enconpass information regarding not only the
availability of potential habitat, but nmust al so consider the
potential linkages to habitats that currently sustain breeding
popul ati ons of jaguars.

Both theoretical and enpirical studies of wldlife
nmet apopul ations indicate the vulnerability of small and
peri pheral popul ations or subpopul ati ons, and their dependence
on di spersal and recol onization fromcore popul ati ons (Gi nnel
1922, Pulliam 1988, Stacey and Taper 1992, Fahrig and Merriam
1994). Managenent actions with positive inpacts to jaguars
wi |l be necessary for the |long-termpersistence of jaguars in
areas that do not currently support self-sustaining
popul ations. 1In order to nost effectively focus these actions
on areas providing the greatest benefit to the jaguar, we
recommend that habitat |inkage nodeling and | east-cost novenent
anal yses be perforned (e.g., Wal ker and Crai ghead 1997,
Singleton et al. 2002) for potential jaguar habitats in New
Mexi co, Arizona, and northern Mexico. Additional jaguar
habitat use data fromthe northern end of the jaguar’s range is
needed to test and inprove the existing habitat nodels.

Identification and inplenentation of appropriate habitat
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managenent actions for jaguar conservation will require fully
engaged | ocal |and managers to refine existing habitat nodels,
direct conservation actions to areas of greatest potential
benefit, and to nonitor the success of these actions.
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